A mild, general, convenient, and efficient one-pot synthesis of 4-arylpyridines (4) is described using conventional heating, ultrasound and microwave irradiation. Aryl aldehydes (2) were efficiently condensed with ethylacetoacetate (1) and ammonium acetate in acetonitrile to give dihydropyridine intermediates (4). The latter underwent a smooth Iodobenzene Diacetate (III) mediated aromatization reaction in the same pot to afford 4-arylpyridines (4) in good to excellent yields.
Introduction
Development of highly efficient synthetic methodologies for the construction of biologically important compounds is one of the challenges to medicinal and organic chemist. One of the most relevant approaches to synthetic efficiency is based on multi component reactions (MCRs) which combine three or more substrates, either simultaneously, leading to domino processes [1] , or through the sequential reactions without isolating interme-
Result and Discussion
The present manuscript reports the synthesis of targeted diethyl 2,6-dimethyl-4-aryl-pyridine-3,5-dicarboxylate (4a-4m), by a one pot domino process. The main aim of this manuscript is to develop efficient synthetic methodology which requires lesser reaction time and reduces the number of steps involved in the synthesis of 4a-4m. In order to achieve our aim, synthesis of diethyl 2,6-dimethyl-4-((1,3-diphenyl)-1H-pyrazol-4-yl) pyridine-3,5-dicarboxylate was carried out by a two-step reaction. We first synthesized diethyl 2,6-dimethyl-4-((1,3-diphenyl)-1H-pyrazol-4-yl) pyridine-3,5-dicarboxylate (3a). For this a pseudo four component reaction of ethyl acetoacetate (1) (2.0 mmol), 1,3-diphenyl-1H-pyrazole-4-carbaldehyde (2) (1.0 mmol) and ammonium acetate (2.2 mmol) was carried out in ethanol and the reaction mixture was allowed to reflux for 25 -35 min. The progress of the reaction was checked by TLC using petroleum ether: ethyl acetate (85: 15, v/v) as eluent. After completion of the reaction as evident from TLC, the reaction mixture was cooled down to room temperature and the solid separated was filtered under suction to afford 2,6-dimethyl-4-((1,3-diphenyl)-1H-pyrazol-4-yl)-1,4-di-hydropyridine-3,5-dicarboxylate (1a) as the desired product in 75% yield. The product so obtained was subjected to oxidation using IBD (1.2 mmol) in DCM at room temperature. The reaction was completed in 5 min as evident from TLC (petroleum ether: ethyl acetate (85: 15, v/v)). After the completion of reaction as evident from TLC, the reaction mixture was washed with aqueous NaHCO 3 solution. Organic phase was then separated, dried and concentrated on water bath. Crude product, thus obtained, was purified by silica gel column chromatography (petroleum ether: ethyl acetate, 97:3, v/v) to afford diethyl 2,6-dimethyl-4-((1,3-diphenyl)-1H-pyrazol-4-yl) pyridine-3,5-dicarboxylate (4a) as a pure product in 68% yield. In order to improve the overall yield of 4a and to reduce the time required, this method can be further expanded to a modular one-pot synthesis, without isolation of intermediate 3a, in contrast to our previous protocols. We decided to try a domino process for the synthesis of 4a without the isolation of 3a in one pot. To achieve this, firstly a mixture of ethyl acetoacetate (1) (2.0 mmol), 1, 3-diphenyl-1H-pyrazole-4-carbaldehyde (2) (1.0 mmol) and ammonium acetate (2.2 mmol) was taken in 50 mL round bottomed flask using acetonitrile as solvent. The content of the flask was heated to reflux for 20 -25 min. The progress of the reaction was monitored by TLC using petroleum ether: ethyl acetate (85: 15, v/v) as eluent. After formation of 3a as confirmed by TLC, IBD (1.2 mmol) was then added to the same reaction mixture and the reaction mixture was refluxed again for 5 -8 min. After the completion of reaction as evident from TLC, the reaction mixture was cooled at room temperature and washed with aqueous NaHCO 3 solution. Organic phase was then separated, dried and con-centrated on water bath. Crude product, thus obtained, was purified by silica gel column chromatography to afford pure diethyl 2,6-dimethyl-4-((1,3-diphenyl)-1H-pyrazol-4-yl)pyridine-3,5-dicarboxylate (4a) in 85% yield. The generality of the optimized protocol was checked by carrying out the reactions using different 3-(aryl)-1-phenyl-1H-pyrazole-4-carbaldehyde and also substituted benzaldehydes containing both electron withdrawing and electron releasing substituents yielded the corresponding diethyl 2,6-dimethyl-4-arylpyridine-3,5-dicarboxylate (4a-4m) in excellent yields. (Scheme 1, Table 1 ).
The efficiencies of this protocol prompted us to explore this protocol further using Ultrasonic and microwave irradiation to reduce the present serious energy crisis in the environment. All the reactions proceeded successfully and yielded the corresponding products in excellent yield. The results obtained using ultrasonic and microwave irradiation is summarized in Table 1 .
Conclusion
We have synthesized a series of 2,6-dimethyl-4-aryl-pyridine-3,5-dicarboxylate derivatives (4a-4m) by one-pot domino process in acetonitrile and IBD as a greener oxidant using conventional heating, ultrasonic and microwave irradiation. This method thus provides a one pot, facile, rapid and efficient synthesis of compounds 4a-4m which are otherwise accessible through a two-step process.
Experimental
Structures of all the compounds were identified by their spectral data. Silica gel 60 F 254 (Precoated aluminium plates) from Merck were used to monitor reaction progress. Melting points were determined on a melting point apparatus and are uncorrected. IR (KBr) spectra were recorded on buck scientific IR M-500 spectrophotometer and the values are expressed as ν max cm 
Preparation of (4a-4m) under Conventional Heating
A mixture of ethylacetoacetate (1) (1.0 mmol), aryl aldehyde (2) (1.0 mmol), and ammonium acetate (2.2 mmol) was dissolved in 5 mL of acetonitrile in a 50 mL round-bottomed flask. The reaction contents were refluxed on water bath for 20 -25 min. The progress of the reaction was monitored by TLC using petroleum ether: ethyl acetate (85: 15, v/v) as eluent. After formation of 3a as evident from TLC after 25 min, IBD (1.2 mmol) was then added to the above reaction mixture and the reaction mixture was refluxed for another 5 -8 min. After consumption of 3a as evident from TLC, the reaction mixture was cooled to room temperature and washed with aqueous NaHCO 3 solution. Organic phase was then separated, dried and concentrated on water bath. Crude product, thus obtained, was purified by silica gel column chromatography to afford pure diethyl 2,6-dimethyl-4-aryl-pyridine-3, 5-dicarboxylate (4a-4m). All the compounds 4a-4m are characterized by 1 H NMR, 13 C NMR, IR and mass data. 
Preparation of (4a-4m) under Ultrasonic Irradiation
A mixture of ethylacetoacetate (1) (1.0 mmol), aryl aldehyde (2) (1.0 mmol), and ammonium acetate (2.2 mmol) was dissolved in 5 mL of acetonitrile in a 50 mL round-bottomed flask. The reaction contents were sonicated at 40˚C for appropriate time as mentioned in Table 1 . The progress of the reaction was monitored by TLC using petroleum ether: ethyl acetate (85: 15, v/v) as eluent. After formation of 3a as evident from TLC after 8 min, IBD (1.2 mmol) was then added to the above reaction mixture and the reaction mixture sonicated at room temperature for another 3 -4 min. After consumption of 3a as evident from TLC the reaction mixture was washed with aqueous NaHCO 3 solution. Organic phase was then separated, dried and concentrated on water bath. Crude product, thus obtained, was purified by silica gel column chromatography to afford pure diethyl 2,6-dimethyl-4-arylpyridine-3,5-dicarboxylate (4a-4m). All the compounds 4a-4m are characterized by 1 H NMR, 13 C NMR, IR and mass data.
Preparation of (4a-4m) under Microwave Irradiation
A mixture of ethylacetoacetate (1) (1.0 mmol), aldehyde (2) (1.0 mmol), and ammonium acetate (2.2 mmol) was dissolved in 5 mL of acetonitrile in a sealed vial and placed in a CEM Discover microwave reactor. The vial was subjected to microwave irradiation, programmed at 30˚C and 300 W. After formation of 3a as evident from TLC after 1 min, IBD (1.2 mmol) was then added to the above reaction mixture and the reaction mixture irradiated for another 30 sec. After completion of the reaction as evident from TLC, the reaction mixture was washed with aqueous NaHCO 3 solution. Organic phase was then separated, dried and concentrated on water bath. Crude product, thus obtained, was purified by silica gel column chromatography to afford pure diethyl 2,6-dimethyl-4-arylpyridine-3,5-dicarboxylate (4a-4m). All the compounds 4a-4m are characterized by 1 H NMR, 13 C NMR, IR and mass data. 4.4.1. 4-(1,3-Diphenyl-1H-Pyrazol-4-yl) [22] 
Characterization Data

2,6-Dimethyl-4-(1-Phenyl-3-P-Tolyl-1H-Pyrazol-4-Yl)-Pyridine-3,5-Dicarboxylic Acid Diethyl Ester (4b)
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